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DESCRIPTION 



VARIABLE DELAY LINE 



TECHNICAL FIELD: 

The present invention relates to a variable delay line 
having a variable reactance device. 

BACKGROUND ART: 

Variable delay lines that have been used in commercial 
radio communication devices in recent years are a bandpass 
filter that uses the transmission and receiving frequency 
band of the radio communication device as a signal passband. 
The variable delay lines are characterized in that the 
coupling capacitance of the bandpass filter is changed to 
change the passband thereof to change the absolute value of 
the delay time that the variable delay line has (hereinafter 
referred to as "absolute delay time"). 

As shown in FIG. 15 , a conventional variable delay line 
100 is arranged such that capacitors 106, 108 and a 
variable -capacitance capacitor 110 are connected in series 
between an input terminal 102 and an output terminal 104, 
and first and second resonant circuits 112, 114 are 
connected between one and other terminals of the variable - 
capacitance capacitor 110 and ground (see Japanese Laid-Open 
Patent Publication No. 2001-119206). 

When a certain input signal is supplied from the input 
terminal 102 of the variable delay line 100, the output 



terminal 104 outputs an output signal having a predetermined 
absolute delay time shown in FIG. 16. If the coupling 
capacitance C of the variable -capacitance capacitor 110 
shown in FIG. 17 is changed, then the absolute delay time 
changes as shown in FIG. 18. For example, if the coupling 
capacitance C is changed from CI to C2 or C3 (CI > C2 > C3), 
then the absolute delay time increases . If the coupling 
capacitance C has a wider adjustable range, then the 
absolute delay time of the variable delay line 100 has a 
wider variable range (hereinafter referred to as "variable 
delay time" ) . 

If the coupling capacitance C is reduced, then the 
bandwidth of the passband of the variable delay line 100 
becomes narrower, attenuating the frequency response of the 
variable delay line 100 shown in FIG. 17 and increasing the 
return loss shown in FIG. 18. 

If the coupling capacitance C is changed, then the 
capacitor 106 and the first resonant circuit 112 near the 
input terminal 102 shown in FIG. 15 and the capacitor 108 
and the second resonant circuit 114 near the output terminal 
104 are brought out of balance, varying the values of the 
input and output impedances of the variable delay line 100. 
Thus, it is difficult to achieve impedance matching on the 
variable delay line 100. Therefore, the return loss shown 
in FIG. 18 increases. Furthermore, the frequency response 
shown in FIG. 17 are greatly attenuated, resulting in an 
increased insertion loss over the variable delay line 100 



and an increased deviation of the absolute delay time shown 
in FIG. 16. 

Under these circumstances, even when the variable delay 
line 100 shown in FIG. 15 is connected to other electronic 
components through the input terminal 102 and the output 
terminal 104, it is difficult to achieve impedance matching 
between the variable delay line 100 and the other electronic 
components. Consequently, the insertion loss over the 
variable delay line 100 and the radio communication device 
further increases. Since the above deviation is large, the 
passband of the variable delay line 100 is reduced, 
resulting in a significant distortion in the output signal 
output from the output terminal 104. 

For example, if the variable delay line 100 is adapted 
in an actual radio communication device, then the variable 
delay line 100 requires a variable delay time of at least 
about 0.5 ns. However, inasmuch as the frequency response 
are reduced and the return loss is increased with a variable 
delay time of about 0.4 ns, as shown in FIGS. 16 through 18, 
it is difficult for the variable delay line 100 to have 
desired characteristics. 

DISCLOSURE OF THE INVENTION: 

It is an object of the present invention to provide a 
variable delay line having a hybrid coupler and variable - 
reactance devices which are connected respectively to two 
output terminals of the hybrid coupler for thereby 



suppressing variations in an input impedance and an output 
impedance of the variable delay line, reducing a deviation 
of the absolute delay time, increasing the variable delay 
time of the variable delay line, and widening the passband 
of the variable delay line. 

A variable delay line according to the present 
invention includes a hybrid coupler having an input terminal 
for being supplied with an input signal, first and second 
output terminals for outputting first and second output 
signals, respectively, which are 90° out of phase with each 
other, and an isolation terminal for outputting a reflected 
signal based on the first and second output signals as a 
third output signal, and first and second reactance parts 
connected respectively to the first and second output 
terminals and having substantially same reactances , wherein 
the first and second reactance parts have first and second 
variable -reactance devices, respectively, having 
substantially same reactances. 

The first and second reactance parts having 
substantially the same reactances have ends connected to the 
first and second output terminals, and other ends connected 
to ground. 

When the input signal is supplied to the input 
terminal, the first output terminal outputs the first output 
signal which is in phase with the input signal, and the 
second output terminal outputs the second output signal 
which is 90° out of phase with the input signal. Therefore, 



the first and second output signals are 90° out of phase 
with each other. 

Since the first and second reactance parts are 
connected to the first and second output terminals, first 
and second reflected signals are generated respectively at 
the first and second output terminals by the first and 
second output signals. A reflected signal which is a 
combination of the first and second reflected signals is 
output to the isolation terminal, and is 180° out of phase 
with the input signal. Since the interval between the 
isolation terminal and the input terminal functions as an 
isolator, the reflected wave of the reflected signal is 
attenuated while being transmitted from the isolation 
terminal to the input terminal, but is not output to the 
input terminal. 

Therefore, the hybrid coupler and the first and second 
variable-reactance parts are capable of suppressing 
variations in the input impedance and the output impedance 
of the variable delay line. Accordingly, the deviation of 
the absolute delay time is reduced, and the variable delay 
line causes a low insertion loss, has a wide passband, and 
produces a third output signal of low distortion. 
Consequently, it is possible to increase the reliability of 
a radio communication device adapting the variable delay 
line . 

When the reactances of first and second variable- 
reactance devices of the first and second variable -reactance 



parts are changed by the same value, the reactances of the 
first and second reactance parts are changed by the same 
value. Therefore, the reflected signal is changed by a 
desired value, and the absolute delay time of the variable 
delay line is changed by a certain value. When the 
reactances of the first and second variable-reactance 
devices are changed by a certain value, the variable delay 
line can have a desired absolute delay time and a desired 
variable delay time. 

Preferably, the first and second reactance parts 
comprise respective series -connected circuits of first and 
second capacitors having substantially the same 
capacitances, first and second variable-capacitance devices 
as the first and second variable-reactance devices, and a 
first resonant circuit and a second resonant circuit . 

When the capacitances of the first and second variable- 
capacitance devices are changed, the admittances of the 
first and second variable-capacitance devices change, 
resulting in a change in the reactances and admittances of 
the first and second reactance parts. Therefore, the 
absolute delay time and the variable delay time can be 
adjusted to desired values. 

Since the first and second resonant circuits have 
respective resonant frequencies, the central frequency of 
the passband of the variable delay line is determined by the 
resonant frequencies. Therefore, it is possible with the 
above arrangement of the series -connected circuits to allow 



the variable delay line to have a desired passband, a 
desired absolute delay time, and a desired variable delay 
time. 

With the above circuit arrangement of the variable 
delay line, the phase of the variable delay line changes 
when the absolute delay time is changed. With the above 
circuit arrangement, even when the resonant frequencies of 
the first and second resonant circuits are changed, the 
absolute delay time remains substantially unchanged, but 
only the phase of the variable delay line changes if the 
bandwidth of the variable delay line is wide. 

In order to prevent the phase of the variable delay 
line from changing, series -connected circuits of third and 
fourth capacitors and third and fourth variable -capacitance 
devices as variable-reactance devices are preferably 
connected in parallel to the first resonant circuit and the 
second resonant circuit. With this arrangement, even when 
the absolute delay time of the variable delay line and the 
resonant frequencies of the first and second resonant 
circuits are changed, a change in the phase of the third 
output signal which is caused by the change in the absolute 
delay time and the resonant frequencies can be compensated 
for by adjusting the capacitances of the third and fourth 
variable -capacitance devices. Therefore, the absolute delay 
time and the resonant frequencies can be changed without 
changing the phase. 

The first and second resonant circuits should 



preferably be LC resonant circuits, resonant circuits 
comprising distributed constant circuits, or dielectric 
resonators. The first through fourth variable -capacitance 
devices should preferably be circuit devices with variable 
capacitances. Such circuit devices include a varactor 
diode, a trimmer capacitor, etc. 

In the above variable delay line, a plurality of 
ceramic layers may be stacked into an integral structural 
ceramic body, and the integral structural body may have a 
ceramic layer with the hybrid coupler disposed thereon, a 
ceramic layer with the first resonant circuit and the second 
resonant circuit disposed thereon, and a ceramic layer with 
at least the first and second capacitors disposed thereon. 
Since most of circuit devices of the variable delay line are 
disposed in the integral structural ceramic body, the 
variable delay line may be reduced in size. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

FIG. 1 is a circuit diagram of a variable delay line 
according to an embodiment of the present invention; 

FIG. 2 is a circuit diagram of each of first and second 
reactance parts of the variable delay line shown in FIG. 1; 

FIG. 3 is a circuit diagram of a variable delay line 
according to a first specific example ; 

FIG. 4 is a diagram showing simulated values of the 
absolute delay time of the variable delay line shown in FIG. 



FIG. 5 Is a diagram showing simulated values of the 
frequency response of the variable delay line shown in FIG. 
3; 

FIG. 6 is a diagram showing simulated values of the 
return loss of the variable delay line shown in FIG. 3; 

FIG. 7 is a circuit diagram of a variable delay line 
according to a second specific example; 

FIG. 8 is a diagram showing simulated values of the 
absolute delay time of the variable delay line shown in FIG. 
7; 

FIG. 9 is a diagram showing simulated values of the 
phase of the variable delay line shown in FIG. 7; 

FIG. 10 is a circuit diagram of a variable delay line 
according to a third specific example; 

FIG. 11 is a perspective view of the variable delay 
line shown in FIG. 10; 

FIG. 12 is a perspective view of the variable delay 
line shown in FIG. 10 , with a case removed; 

FIG. 13 is an exploded perspective view of the variable 
delay line shown in FIG. 10; 

FIG. 14 is a cross -sectional view of the variable delay 
line shown in FIG. 10; 

FIG. 15 is a circuit diagram of a conventional variable 
delay line; 

FIG. 16 is a diagram showing simulated values of the 
absolute delay time of the variable delay line shown in FIG. 
15; 
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FIG. 17 Is a diagram showing simulated values of the 
frequency response of the variable delay line shown in FIG. 
1 5 ; and 

FIG. 18 is a diagram showing simulated values of the 
return loss of the variable delay line shown in FIG. 15. 

BEST MODE FOR CARRYING OUT THE INVENTION: 

As shown in FIG. 1, a variable delay line 10 according 
to an embodiment of the present invention has a hybrid 
coupler 12 and first and second reactance parts 18, 20 which 
are connected respectively to first and second output 
terminals 14, 16 of the hybrid coupler 12. 

The hybrid coupler 12 has, in addition to the first and 
second output terminals 14, 16, an input terminal 22 for 
being supplied with an input, signal, and an isolation 
terminal 24 for outputting a reflected signal based on first 
and second output signals output from the first and second 
output terminals 14, 16, as an output signal (third output 
signal) of the variable delay line 10. The first output 
terminal 14 is a 0° output terminal for outputting the first 
output signal that is in phase with the input signal 
supplied to the input terminal 22. The second output 
terminal 16 is a 90° output terminal for outputting the 
second output signal that is 90° out of phase with the input 
signal . 

The first and second reactance parts 18, 20 have 
substantially the same reactance X, and have respective 



terminals connected to the first and second output terminals 
14, 16 and other terminals connected to ground. As shown in 
FIG. 2, the first and second reactance parts 18, 20 comprise 
respective series-connected circuits of first and second 
variable -capacitance devices 26, 28 as variable-reactance 
devices and first and second resonant circuits 30, 32. The 
first and second variable-capacitance devices 26, 28 may be 
any device whose reactance X can be changed by changing 
their coupling capacitance C. Such circuit devices include 
a varactor diode, a trimmer capacitor, etc. The first and 
second resonant circuits 30, 32 should preferably be LC 
resonant circuits, resonant circuits comprising distributed 
constant circuits, or dielectric resonators. 

Operation of the variable delay line 10 according to 
the present embodiment will be described below. 

When an input signal is supplied to an input terminal 
34 of the variable delay line 10 shown in FIG. 1, the input 
signal is supplied through the input terminal 22 to the 
hybrid coupler 12. At this time, first and second output 
signals are output to the respective first and second output 
terminals 14, 16. The first and second output signals are 
90° out of phase with each other. 

Since the first and second output terminals 14, 16 are 
grounded respectively through the first and second reactance 
parts 18, 20, the first and second output terminals 14, 16 
generate first and second reflected signals, respectively. 
A reflected signal which is a combination of the first and 
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second reflected signals is output to the isolation terminal 
24, and output as an output signal of the variable delay 
line 10, i.e., a third output signal, to an output terminal 
36. The reflected signal is 180° out of phase with the 
input signal. 

Since the interval between the isolation terminal 24 
and the input terminal 22 functions as an isolator, the 
reflected wave of the reflected signal is attenuated while 
being transmitted from the isolation terminal 24 to the 
input terminal 22, but is not output to the input terminal 
22. That is, the reflected wave does not affect the input 
impedance and the output impedance of the variable delay 
line 10. Therefore, the hybrid coupler 12 and the first and 
second reactance parts 18, 20 are capable of suppressing 
variations in the input impedance and the output impedance 
of the variable delay line 10, allowing impedance matching 
to be easily achieved on the variable delay line 10. 

When the coupling capacitances C of the first and 
second variable -capacitance devices 26, 28 of the first and 
second reactance parts 18, 20 are changed by the same value, 
the reactances X of the first and second reactance parts 18, 
20 are changed by the same value. Therefore, the third 
output signal can be changed by a desired value. 
Accordingly, the absolute delay time of the third output 
signal from the variable delay line 10 can be changed by a 
certain value, and the variable delay time can be set to a 
desired value. When the coupling capacitances C of the 
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first and second variable - capacitance devices 26, 28 are 
changed by a certain value, the variable delay line 10 can 
have a desired absolute delay time and a desired variable 
delay time. 

The first and second resonant circuits 30, 32 have 
respective resonant frequencies. The central frequency of 
the passband of the variable delay line 10 is determined by 
these resonant frequencies. Therefore, the variable delay 
line 10 can have a desired passband by setting the resonant 
frequencies to a desired value. 

The structure and operation of the variable delay line, 
10 according to the present embodiment have been described 
above. Variable delay lines 10A through 10C according to 
first through third specific examples, which serve as 
examples of the variable delay line 10, will be described 
below with reference to FIGS. 3 through 14. 

The variable delay line 10A according to the first 
specific example shown in FIG. 3 is of substantially the 
same structure as the variable delay line 10 according to 
the present embodiment shown in FIGS. 1 and 2, but differs 
therefrom as follows . 

As shown in FIG. 3, the first and second reactance 
parts 18, 20 comprise respective series-connected circuits 
of first and second capacitors 38, 40, first and second 
varactor diodes 42, 44, which are in replacement of the 
first and second variable -capacitance devices 26, 28, and 
first and second X/4 dielectric resonators 46, 48, which are 
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in replacement of the first and second resonant circuits 30 , 
32. 

The first and second capacitors 38, 40 have respective 
terminals connected to the first and second output terminals 
14, 16, respectively, and other terminals connected 
respectively to cathode terminals Kl, K2 of the first and 
second varactor diodes 42, 44. The first and second 
varactor diodes 42, 44 have respective anode terminals Al, 
A2 connected respectively to the first and second X/4 
dielectric resonators 46, 48. First and second voltage 
control terminals 50, 52 are connected respectively to the 
cathode terminals Kl, K2 for supplying DC voltages thereto. 

With the variable delay line 10A according to the first 
specific example, when DC voltages having substantially the 
same value are supplied from the first and second voltage 
control terminals 50, 52 to the first and second varactor 
diodes 42, 44 through resistors or coils (not shown), the 
coupling capacitances C of the first and second varactor 
diodes 42, 44 are changed by the same value commensurate 
with the value of the DC voltages. Specifically, when the 
DC voltages increase, the coupling capacitances C of the 
first and second varactor diodes 42, 44 are reduced. 

When the coupling capacitances C change from C = CI to 
C = C2 or C = C3 (CI > C2 > C3), the admittances of the 
first and second reactance parts 18, 20 are changed, 
resulting in an increase in the absolute delay time of the 
variable delay line 10A as shown in FIG. 4. If the first 
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and second varactor diodes 42, 44 whose coupling 
capacitances C are variable in a wider range are adapted in 
the variable delay line 10A shown in FIG. 3, then the 
variable delay line 10A has a larger variable delay time. 

For example, if the values of the circuit devices of 
the first and second reactance parts 18, 20 are adjusted 
such that the absolute delay time of the third output signal 
output to the output terminal 36 has a minimum value of 
about 1 ns, for example, then a deviation of the absolute 
delay time with respect to a frequency band higher than 100 
MHz can be limited to 0.1 ns or smaller, and the variable 
delay time can be increased to 1 ns, as shown in FIG. 4. 

Even when the variable delay time of the variable delay 
line 10A according to the first specific example is changed 
to about 2 ns, the frequency response shown in FIG. 5 and 
the return loss shown in FIG. 6 remain substantially 
unchanged. Therefore, the passband of the variable delay 
line 10A can be of a wide bandwidth of 60 MHz or greater. 

If the coupling capacitances C of the variable delay 
line 10A according to the first specific example are changed 
to change the absolute delay time, then the phase of the 
third output signal of the variable delay line 10A changes. 
If the resonant frequencies of the first and second X/A 
dielectric resonators 46, 48 are changed to change the 
central frequency of the passband of the variable delay line 
10A, then with the wide bandwidth of the variable delay line 
10A, the absolute delay of the third output signal remains 
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substantially unchanged, but only the phase of the third 
output signal of the variable delay line 10A changes. 

The variable delay line 10B according to the second 
specific example shown in FIG. 7 is of substantially the 
same structure as the variable delay line 10A according to 
the first specific example shown in FIG. 3, but differs 
therefrom in that third and fourth capacitors 54, 56 and 
third and fourth varactor diodes 58, 60, which are third and 
fourth variable -capacitance devices serving as variable - 
reactance devices , are connected in parallel to the first 
and second A./ 4 dielectric resonators 46, 48, respectively. 

The third and fourth capacitors 54, 56 have respective 
terminals connected to the respective anode terminals Al, A2 
of the first and second varactor diodes 42, 44, and other 
terminals connected to respective cathode terminals Kl, K2 
of the third and fourth varactor diodes 58, 60. The third 
and fourth varactor diodes 58, 60 have respective anode 
terminals A3, A4 which are connected to ground. Third and 
fourth voltage control terminals 62, 64 are connected 
respectively to the cathode terminals K3, K4 of the third 
and fourth varactor diodes 58, 60 for supplying DC voltages 
thereto . 

With the variable delay line 10B according to the 
second specific example, when DC voltages having 
substantially the same value are supplied from the third and 
fourth voltage control terminals 62, 64 to the third and 
fourth varactor diodes 58, 60 through resistors or 



capacitors (not shown), the coupling capacitances C of the 
third and fourth varactor diodes 58, 60 are changed by the 
same value commensurate with the value of the DC voltages , 
thereby compensating for a change in the phase of the third 
output signal of the variable delay line 10B based on the 
change in the absolute delay time which is caused by the 
change in the coupling capacitances C of the first and 
second varactor diodes 42, 44 and the change in the central 
frequency which is caused by the change in the resonant 
frequencies of the first and second X/4 dielectric 
resonators 46, 48. 

Specifically, when the coupling capacitances Cv of the 
third and fourth varactor diodes 58, 60 change from Cv = C4 
to Cv = C5 or Cv = C6 (C4 > C5 > C6), it is possible to 
change the phase of the third output signal without 
affecting the absolute delay time of the variable delay line 
10B, as shown in FIGS. 8 and 9. Consequently, the absolute 
delay time of the variable delay line 10B can be changed 
while keeping the phase of the third output signal at a 
certain value, so that the variable delay line 10B can have 
a desired absolute delay time and a desired variable delay 
time. 

The variable delay line 10C according to the third 
specific example shown in FIGS. 10 through 14 is of 
substantially the same structure as the variable delay line 
10A according to the first specific example shown in FIG. 3, 
but differs therefrom as follows . 
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As shown in FIG. 10 , the first and second voltage 
control terminals 50, 52 are connected respectively to the 
cathode terminals Kl, K2 of the first and second varactor 
diodes 42, 44 through respective resistors 74, 76. As shown 
in FIGS. 11 through 15, the variable delay line 10C has an 
integral ceramic board (integral structural body) 78 
produced by stacking a plurality of ceramic layers SI 
through Sll and sintering them into an integral body. 

Specifically, as shown in FIGS. 11 and 12, the variable 
delay line IOC according to the third specific example has a 
plurality of interconnect patterns formed on the surfaces of 
the ceramic board 78. The first and second varactor diodes 
42, 44 and the resistors 74, 76 are mounted on these 
interconnect patterns, and circuit devices other than the 
above circuit devices are formed in the ceramic board 78. 

The ceramic board 78 has an upper surface 78e covered 
substantially entirely with a metal case 80 which serves as 
an upper lid for the ceramic board 78. The case 80 has four 
sides including respective legs 80a through 80d disposed 
centrally on lower portions thereof. When the ceramic board 
78 and the case 80 are mounted on each other so that the 
legs 80a through 80d are held in abutment against the upper 
surface 78e, the upper surface 78e is covered substantially 
entirely by the case 80, with gaps 81 being defined between 
four corners of the four sides of the case 80 which are free 
of the legs 80a through 80d and four corners of the upper 
surface 78e. 
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Of first through fourth side surfaces 78a through 78d 
as surfaces of the ceramic board 78, the first and fourth 
side surfaces 78a , 78d have surface ground electrodes 82a, 
8 2d, respectively, disposed centrally therein and extending 
from the upper surface 78e to a lower surface 78f of the 
ceramic board 78, as shown in FIGS. 11 and 12. 

The first side surface 78a has the input terminal 34 
disposed therein closely to the second side surface 78b and 
extending from the upper surface 78e to the lower surface 
78f of the ceramic board 78. The first side surface 78a 
also has the output terminal 36 disposed therein closely to 
the third side surface 78c which is opposite to the second 
side surface 78b and extending from the upper surface 78e to 
the lower surface 78f of the ceramic board 78. 

The fourth side surface 78d which is opposite to the 
first side surface 78a has the first voltage control 
terminal 50 disposed therein closely to the second side 
surface 78b and extending from the upper surface 78e to the 
lower surface 78f of the ceramic board 78. The fourth side 
surface 78d also has the second voltage control terminal 52 
disposed therein closely to the third side surface 78c and 
extending from the upper surface 78e to the lower surface 
78f of the ceramic board 78. 

The input terminal 34, the output terminal 36, the 
first and second voltage control terminals 50, 52, and the 
surface ground electrodes 82a, 82d extend from the first 
through fourth side surfaces 78a through 78d to the upper 
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surface 78e and the lower surface 78f, as shown in FIGS. 12 
and 13. 

The upper surface 78e has a surface ground electrode 
82b disposed centrally therein closely to the second side 
surface 78b out of direct contact with the input terminal 
34, the output terminal 36, and the first and second voltage 
control terminals 50 , 52. The upper surface 78e also has a 
surface ground electrode 82c disposed centrally therein 
closely to the third side surface 78c out of direct contact 
with the input terminal 34 , the output terminal 3 6 , and the 
first and second voltage control terminals 50, 52. 

When the case 80 and the upper surface 78e of the 
ceramic board 78 are mounted on each other, as shown in 
FIGS. 11 and 14, the surface ground electrodes 82a through 
82d are held in direct contact with the legs 80a through 80d 
of the case 80, shielding all of the circuit devices of the 
variable delay line 10C from the outside. The gaps 81 that 
are defined when the case 80 and the ceramic board 78 are 
mounted on each other serve as clearances between the case 
80 and the input terminal 34, the output terminal 36, the 
first and second voltage control terminals 50, 52. 

As shown in FIGS. 11 and 13, the lower surface 78f has 
a surface ground electrode 82e disposed substantially 
entirely thereon. The input terminal 34, the output 
terminal 36, and the first and second voltage control 
terminals 50, 52 are held out of direct contact with the 
surface ground electrodes 82a through 82e, but spaced a 
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predetermined distance therefrom. 

As shown in FIGS. 12 and 13, the upper surface 78e has 
terminals 84a through 84h disposed centrally thereon, and 
held out of direct contact with the input terminal 34, the 
output terminal 36, the first and second voltage control 
terminals 50, 52, and the surface ground electrodes 82a 
through 82d, but formed in parallel therewith at a 
predetermined distance. The first and second varactor 
diodes 42, 44 and the resistors 74, 76 are mounted on the 
upper surface 78e with the terminals 84a through 84h 
disposed thereon. 

The cathode terminals Kl , K2 (see FIG. 10) of the first 
and second varactor diodes 42, 44 are connected to the 
terminals 84a, 84d, and the anode terminals Al , A2 (see FIG. 
11) thereof are connected to the terminals 84e, 84h. The 
resistors 74, 76 are connected to the terminals 84b, 84c, 
84f, 84g. The resistors 74, 76 comprise chip resistors, for 
example . 

The variable delay line 10C according to the third 
specific example has the ceramic board 78 which is 
constructed by stacking the ceramic layers (SI through Sll) 
as stated above and sintering them into an integral body, as 
shown in FIGS. 13 and 14. 

The ceramic board 78 is constructed of a stack of the 
first through eleventh ceramic layers SI through Sll. Each 
of the first through eleventh ceramic layers SI through Sll 
comprises a single layer or a plurality of layers. 
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In the ceramic board 78, the second ceramic layer S2 
has a capacitor electrode 86a disposed on a principal 
surface thereof opposite to the terminals 84a, 84b. The 
capacitor electrode 86a is of a substantially inverted T- 
shape including a larger area opposite to the terminal 84a 
and a smaller area opposite to the terminal 84b. 

The second ceramic layer S2 also has a capacitor 
electrode 86b disposed on the principal surface thereof 
opposite to the terminals 84c, 84d in axial symmetry with 
respect to the capacitor electrode 86a across a bisector m 
(a perpendicular line interconnecting the first and fourth 
side surfaces 78a, 78d: typically indicated on a principal 
surface of the third ceramic layer S3) that bisects a 
straight line interconnecting the second and third side 
surfaces 78b, 78c. The capacitor electrodes 86a, 86b have 
respective small areas that facing each other across the 
bisector m. 

The second ceramic layer S2 further has a connection 
electrode 88 disposed on the principal surface thereof 
opposite to the terminals 84f , 84g out of direct contact 
with the capacitor electrodes 86a, 86b. 

The third ceramic layer S3 has, on a principal surface 
thereof, a capacitor electrode 86c having a shape which is 
substantially the same as the shape of the capacitor 
electrode 86a and disposed opposite to the capacitor 
electrode 86a, and a capacitor electrode 86d having a shape 
which is substantially the same as the shape of the 
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capacitor electrode 86b and disposed opposite to the 
capacitor electrode 86b. The capacitor electrodes 86a, 86c 
disposed opposite to each other across the second ceramic 
layer S2 make up the first capacitor 38, and the capacitor 
electrodes 86b, 86d disposed opposite to each other across 
the second ceramic layer S2 make up the second capacitor 40, 

The fifth ceramic layer S5 has first and second 
resonant electrodes 90a, 90b disposed centrally on a 
principal surface thereof and serving as the first and 
second X/4 dielectric resonators 46, 48. The first and 
second resonant electrodes 90a, 90b extend from the fourth 
side surface 78d toward the first side surface 78a. The 
first and second resonant electrodes 90a, 90b are positioned 
in axial symmetry with each other across the bisector m. 

The first resonant electrode 90a has one end as a 
short-circuited end 92a connected to the fourth side surface 
78d and an opposite end as an open end 94a disposed out of 
direct contact with the surface ground electrodes 82a, 82d. 
The first resonant electrode 90a is provided as a 
substantially J-shaped interconnect pattern on the principal 
surface of the fifth ceramic layer S5. Specifically, the 
substantially J-shaped interconnect pattern extends from the 
fourth side surface 78d to which the short-circuited end 92a 
is connected toward the first side surface 78a, and is bent 
toward the second side surface 78b in a central area of the 
fifth ceramic layer S5, and is also bent again toward the 
fourth side surface 78d. The tip end of the portion bent 
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toward the fourth side surface 78d serves as the open end 
94a that faces the fourth side surface 78d. 

The second resonant electrode 90b is provided as a 
substantially J- shaped interconnect pattern disposed in 
axial symmetry with respect to the first resonant electrode 
90a across the bisector m as described above. Specifically, 
the second resonant electrode 90b has one end as a short- 
circuited end 92b connected to the fourth side surface 78d 
and an opposite end as an open end 94b disposed out of 
direct contact with the surface ground electrodes 82a, 82d 
and facing the fourth side surface 78d. 

The eighth ceramic layer S8 has, on a principal surface 
thereof, a substantially J- shaped first interconnect pattern 
96a having a beginning end on the first side surface 78a 
near the second side surface 78b and a terminal end 
confronting the capacitor electrode 8 6d across the third 
through seventh ceramic layers S3 through S7 . The beginning 
end is connected to the input terminal 34, and the terminal 
end is disposed out of direct contact with the surface 
ground electrodes 82a, 82d. 

The seventh ceramic layer S7 has, on a principal 
surface thereof, a substantially J- shaped second 
interconnect pattern 96b having a beginning end on the first 
side surface 78a near the third side surface 78c and a 
terminal end confronting the capacitor electrode 86c across 
the third through seventh ceramic layers S3 through S7 . The 
beginning end is connected to the output terminal 36, and 
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the terminal end is disposed out of direct contact with the 
surface ground electrodes 82a, 82d. 

The first and second interconnect patterns 96a, 96b 
make up the hybrid coupler 12. The beginning end of the 
first interconnect pattern 96a is the input terminal 22 of 
the hybrid coupler 12, and the terminal end thereof 
corresponds to the second output terminal 16. The beginning 
end of the second interconnect pattern 96b is the isolation 
terminal 24 of the hybrid coupler 12, and the terminal end 
thereof corresponds to the first output terminal 14. 

A DC voltage supply electrode (DC electrode) 98 is 
disposed substantially entirely on a principal surface of 
the tenth ceramic layer S10 out of direct contact with the 
surface ground electrodes 82a, 82d. The DC electrode 98 is 
connected to the first and second voltage control terminals 
50, 52 disposed on the fourth side surface 78d. 

Inner-layer ground electrodes 82f through 82h are 
disposed substantially entirely on respective principal 
surfaces of the fourth, sixth, and ninth ceramic layers S4 , 
S6, S9. 

The inner- layer ground electrode 82f electrically 
separates the second and third ceramic layers S2, S3 
(capacitor layer 70) of the first and second capacitors 38, 
40 and the fourth and fifth ceramic layers S4, S5 (resonant 
circuit layer 68) of the first and second X/A dielectric 
resonators 46, 48 from each other. The inner-layer ground 
electrode 82f has electrically insulated electrode-free 
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regions (insulated regions) that face the terminals 84e, 
84h, the capacitor electrodes 86c, 86d, and the connection 
electrode 88. 

The inner- layer ground electrode 82g electrically 
separates the fourth and fifth ceramic layers S4, S5 
(resonant circuit layer 68) of the first and second X/4 
dielectric resonators 46, 48 and the sixth through eighth 
ceramic layers S6 through S8 (hybrid coupler layer 66) of 
the hybrid coupler 12 from each other. The inner- layer 
ground electrode 82g has insulated regions that face the 
connection electrode 88, the terminal end of the first 
interconnect pattern 96a, and the terminal end of the second 
interconnect pattern 96b. 

The inner-layer ground electrode 82h electrically 
separates the sixth through eighth ceramic layers S6 through 
S8 (hybrid coupler layer 66) of the hybrid coupler 12 and 
the DC electrode 98 from each other. The inner- layer ground 
electrode 82h has an insulated region that faces the 
connection electrode 88. 

Further, the first ceramic layer SI functions as a 
varactor diode layer 72, and the first and second varactor 
diodes 42, 44 are mounted on the upper surface 78e thereof. 

The connection electrode 88 and the DC electrode 98 are 
connected to each other by a via hole 99a that is defined 
through the insulated regions of the inner- layer ground 
electrodes 82f through 82h. The connection electrode 88 and 
the terminal 84f are connected to each other by a via hole 
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99b. The terminal 84f and the capacitor electrode 86a are 
connected to each other by a via hole 99c. The terminal 84a 
and the capacitor electrode 86a are connected to each other 
by a via hole 99d. 

With the above arrangement, when a DC voltage is 
supplied through the first voltage control terminal 50 to 
the DC electrode 98, the DC voltage is supplied to the 
cathode electrode Kl of the first varactor diode 42. 

The terminal 84e and the open end 94a of the first 
resonant electrode 90a are connected to each other by a via 
hole 99e that is defined through the insulated region of the 
inner-layer ground electrode 82f . The capacitor electrode 
86c and the terminal end of the second interconnect pattern 
96b are connected to each other by a via hole 99f that is 
defined through the insulated regions of the inner- layer 
ground electrodes 82f, 82g. Thus, there is provided a 
series -connected circuit having the first capacitor 38, the 
first varactor diode 42, and the first X/4 dielectric 
resonator 46. 

The connection electrode 88 and the terminal 84g are 
connected to each other by a via hole 99g. The terminal 84c 
and the capacitor electrode 86b are connected to each other 
by a via hole 99h. The capacitor electrode 86b and the 
terminal 84d are connected to each other by a via hole 99i. 

With the above arrangement , when a DC voltage is 
supplied through the second voltage control terminal 52 to 
the DC electrode 98, the DC voltage is supplied to the 
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cathode electrode K2 of the second varactor diode 44. 

The terminal 84h and the open end 94b of the second 
resonant electrode 90b are connected to each other by a via 
hole 99j that is defined through the insulated region of the 
inner-layer ground electrode 82f . The capacitor electrode 
86d and the terminal end of the first interconnect pattern 
96a are connected to each other by a via hole 99k that is 
defined through the insulated regions of the inner-layer 
ground electrodes 82f , 82g. Thus, there is provided a 
series -connected circuit having the second capacitor 40, the 
second varactor diode 44, and the second X./4 dielectric 
resonator 48. 

The surface ground electrode 82b and the inner-layer 
ground electrodes 82f through 82h are connected to each 
other by two via holes 991, 99m that are defined through the 
first through eighth ceramic layers SI through S8. The via 
hole 9 91 is defined so as to extend from a portion of the 
surface ground electrode 82b close to the first side surface 
78a toward the lower surface 78f . The via hole 99m is 
defined so as to extend from a portion of the surface ground 
electrode 82b close to the fourth side surface 78d toward 
the lower surface 78f . 

The surface ground electrode 82c and the inner- layer 
ground electrodes 82f through 82h are connected to each 
other by two via holes 99n, 99o that are defined through the 
first through eighth ceramic layers SI through S8. The via 
hole 99n is defined so as to extend from a portion of the 



- 29 - 

surface ground electrode 82c close to the first side surface 
78a toward the lower surface 78f . The via hole 99o is 
defined so as to extend from a portion of the surface ground 
electrode 82c close to the fourth side surface 78d toward 
the lower surface 78f . 

The variable delay line IOC according to the third 
specific example can be reduced in size because the circuit 
devices except the first and second varactor diodes 42, 44 
and the resistors 74, 76 are disposed in the ceramic board 
78. 

With the variable delay lines 10A, 10B according to the 
first and second specific examples (see FIGS. 3 and 7), as 
with the variable delay line IOC according to the third 
specific example, the hybrid coupler 12, the first and 
second X/4 dielectric resonators 46, 48, and the first 
through fourth capacitors 38, 40, 54, 56 may be disposed in 
the ceramic board 78, and the first through fourth varactor 
diodes 42, 44, 58, 60 may be mounted on the ceramic board 78 
from the outside . 

The variable delay line according to the present 
invention is not limited to the above embodiment , but may 
employ various structures without departing from the scope 
of the invention . 

INDUSTRIAL APPLICABILITY: 

As described above, a variable delay line according to 
the present invention has a hybrid coupler and variable- 
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reactance devices which are connected respectively to two 
output terminals of the hybrid coupler for thereby 
suppressing variations in an input impedance and an output 
impedance of the variable delay line, setting the absolute 
5 delay time and the variable delay time of the variable delay 

line to desired values, and widening the passband of the 
variable delay line. 



